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ABSTRACT QF THE DISCLOSURE
- The invention comprices a system for meastring the
heaﬂbcat rate over a predetermired portion of a minute
and then convcmng the rate to hegrtbeats per minute
" which is displayed on a readout device. A prbe represen-
tative of ‘a’ hcanbeat is used {o geset a counting circyit.
Each time the counting circuit is reset, pulses are fed to

a memoryv neiwork so that the display will read the heart--

* beat rale _per minute, Thus, if the heartbeot is pressured
over a fifteen second m(enal four nulses will be fed to
the memory for each hex nbuat puise. signal, and if the
beartbeat is measured over a fen second interval, six
pulses will be fed o the timing circuit for each hear theat
pulse signall. e

The mve'mon des jbed herein may be manufactured
and used By or for the Government of.the United States
of Amecrica for governmental purposes without the pay-
mént of any royalties thereon 0, ‘therefor. ' '

This invention relates in gencral to a digital cardiota-

chometer system and, more pariicularly, to a circuit for

measuring and displaying the hear tbcat rate of a subject
for = short period of time,

With the advent of thc manned space rronram and
the necessity of larse amounts of equipment being de-
pendent npon the physical condition of human beings,
it becomes necessary to aulcrmatically present to both
medicai and cpetaz'cra persennel certain’ medical data
ne the contincance or modification of

must not only be readily available w jihout interpolation,
bt must be curreni to within sezonds so that decisions
dependent upon such data can be repidly made,
Heretofore, devices which have been vsed ip measure
hearibeat rate have been difficult to analyze in relatively
short periods of time. An elec!rocardxograpﬂrequircs
study of the graph itsclf to measure the heartbeat rate,
Electrical instruments which may be read directly, such
as a galvanometer, are not sensitive enough to register
each puise interva] zs they are sluggish, average-reading
devices with
necessary to respond to fast changes in pulse separation.

Further, such instruments, when read on a galvanometer.

where the scale is nonlinear and comp;es sed at higher
rates, are dificult to read.

In order 1o overcome. the atlendant di sadvanﬁ«es of
prior art heartbeat rate measuring systems, the system of
the present invention measures the heartbezt rate over a
predetermined port'r\n of a minute, and converts the rate
1o hearibets per minnte w hu:h is displayed ona readount
-device..

More particnlarly, the invention comoprises an input
phate reversal network into. which siznals representative
of the heartbeat waveform of a subject whose he*rlbeat

st the necessary fast recovery capabilities.
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_rate is fo bc measured is fed, The output of the phase
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reverszl network is fed into a signal conditioning ¢ir-
cuit, The oviput of the signal COndmo')cr, which is a
pulse representative of & hes artbeat, is fed into ibe reset
tunm“als of four fip-flop circuits, The four fip-flop cir-
cuits are arranged {0 form a sfandard binary counting
circuit. Further, a 60-cycle source of AC voltage is fed
into a squarc wave converter, the output of which is a
sguare wave pulse for each cycle of input. The yx,bes
from the square wave converler are fed inio a timing cir-
cuit comprising a units counter, a tens counter, and a
hundreds counter, The pulses are also {ed into one of the
inpuet terminals of a lece lock network. The output ter-
minal of the pulse lock network is couplcd into an out-
put flip-flep circuit and z1s0 into the first flip-fiop circuit
of the binary counter, The ouiput of the output flip-fiop
circuit is fed into a memory network having a units
counter,” a ten counter, and a hundreds counter, each
counter also containing a ‘memory core, .
- Each time a signal reprezéntative cf a heartbext is
p}acb into the p‘\ase reversal network, an outpui pulse

auses each fiip-flop of the binary counter and the out-
put fiip-fiop to resct {o the zero state. The pulses from
the square wave converier are fed through the pulse lock
network to the Hlnary counter and lo the output flip-flop.
For eath two pulses from the sguare wave converter fed
into’ the binary counter, one pulse is fed through the out-
put fip-fiep and is counted by the memary network. Upon’

‘tounting a predefermined number of pulses from the

square wave converter, the binary couater feeds a pulse
into a second input terminal of the pulse lock netwerk
and no output pulses can be fed from the output { .p—ﬂop
to the memory network. Upon re_cexpt of ch next -puise
frora the signal conditioner represeatative of a heartbeat,
the binary counter ﬂ;p-i’ors &“d the output flip-flop are
all reset and once again siart 1o count pulses from the
square wave converier., At the end of a predetermined
poriion of a minute, the number of counts stored on the
memory network are fod into a readout circnit where the
hearikbeat rate in beats per minute is displayed.

The advantage of this invention, both as to its con-
struciion and mode of operation, will ke readily appre-
ciated as the same become better understood by refer-
ence to the following detailed description when consids
crca in connectxon with the.accompanying drgwmg where-
in:

The ﬂgurc is a diagram of a preferred embodiment of
he present invention.

Rererrmg now (o the drawmg, t‘aere is shown in the
figure the digital cardiolachometer system wherein input
signals in the form of an electrocardiogram waveform

jimm cither a clinical amplifier or a ground telemetry
station is fed into an input terminal 12. For each heart-

Heat the wave complex representative of a hearibeat wave-

_form and ccnimonly referred to as the QRST wave, ap-

pears in the waveform, This waveform is fed into a phase
reverssl network 14 which reverses the waveform should
it appear inverted. The output of the phase reversal net-
work 14 is fed into a signal cmd;.xorver 18 which fitiers
the R wave from the input signal. The ovtput of the sig
nal conditioner is a pulse for each R wave pulse.
Forming a clock for the system is a transformer 25
which steps down « standard 115 volt, 60 c.p.s. AC source
input so that ike cutput of the transfermer is a S volt, 60
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cps. AC safrnal The S volt oniput of the transformer is
fzd into.a square wave converier 28 which produces a
square wave output ptlse for each mmpat cycle of powsr,
that is; with 60-cycle power applied to the input of trans-
former 23, sixty pulses per seond will be preduced by
the cqua @ wave converter 38. Tha cuirut of the square
wave convarter 38 is Pmrcct:d ip 2 Hming circuit 32 and
dlso 1o a pulsz lock network 34 a2t ope of its input tes-
minals 36. The. pulse lock retwork, which is an AND
gatg, contains a sezpnd in put term*w. 38 and an oui,m!
te rmrai 42
‘ b'nary ccxu-a'mn mrcuz! 52 ¢
circuits'54, 56, 88, 62, Eath of ths rp—ﬁop cirenits con-
tains 4 reset input terminal (R) zad a complemeat input
terminal (C) and each contains a first output terminal
(8) and 2 second ouiput termimal ¢I). Oatput ‘pulses
from the signal conditioner 18, each ‘of which is rep-e-
sentative of a hearibeat pulse arplizd 1o the input 1em.x"al
12, are coupled to the R terminzl of the flip-flops 54, 5§,
58, 62. Fach fimz a pulse
e‘m:ieu by siznal éonditioner 18,
réset to their zero output state.”

*ha

R

four flip-flops are

The vuiput terminal 42 of the pule lock network 3% -

is cownccted to the C terminal of Em—‘iop 54 and to the
complement input ferminal (C) of an owutput ﬁzpﬂap
neiwork 64, The cutput flip-flop petwork 64 contains, in
-additien 1o the inpnt C terminzl, 2a input reset (R) ter-
minal and an output zero (0) terrinal and an output one

(1) termimal. The output 1 te_rn.aai of fiip-flop 64 is

connedted to a meu.ory network ¥2. The input R 4er-
minal of flip-flop. 64 is conne::eé 1o, the signal coadi-
tioner 18 so that the fip-flop 64 is also reset each time
an output pulse ap'aears at the omput of the signal con-
ditioner,

- The 1 terminal of ﬁ;;}ﬁops 54, £6, and 58 are con-
nected to the C terminals of flip-Bops 56, 58, and 62,
reme:m-ely The 1 terminal of ﬁ=;>—ﬁ0p 62 is connected
to the input terminal 38 of the pul:e Jock network 34
through 2 swilch network 92. The switch netwoerk 92
eomiprises an armature 94 connseizd to input terminal
38 &t one end and alternately pesitioned between ter-
minals 96, 98, the terminal 85 being connacted to the 1
terminal of ﬂxp—ﬁop 2.

The timing circuit 32 comprises a units counter 102,
the square w ave converier 28 being coupled to the ubits
counter input terminal. The output ierm.nal of the units
counter 102 is coupled to the input terminal of a tens
counter 184, the outpul ferminal "of which i iz connecied

to the input ferminal of a hund-'cus counter 106, as is

conventional,

The memory petwork 72 cnm prises a units counter 112,

the 1 output terminal of oufput flip-fiop circuit 64 being
coupled 1o the input terminal of the units counter 112,
Each digit of the units counter is respectively connected
to a units mcmary core 114. The oviput terminal of the
_ usits counter is connected to the inpot terminal of a tens

countér 116, the output terminal of which is connetied
1o the input terminal of a hundreds couvater 118 as is
convennonal Further, each di 2it nf the tens counter 118
and the hundreds coumer 118 is connected 10 a tens
memory core 122 and a hz..n"—e'x~ memory core 124,
respactively. -

The output of the memory cores IM 122, and 124 are
connected o a units display 132, a téns dbplay 134, and
a hundreds display 136, re:.peuw»e}-r of a readout circuit
138, The readout circuit display-each may be formed of
nixie tubes 25 is conventional.

The readiout dispiays 132, 134, afxd 135 are ccnnected
through resistors. 142, 144, and "145, refpecixvciy, to a
relay cxrcutt 152. The relay circuit 1:2 comprises a nor-
mally open armature 1‘4 and a pair of terminals 156,
158, the terminal 156 bemg conpected 1o the junction
of resistors 142, 144, and 146, ang the h:rmmdl 158 being
conngeted 1o a voltage source (B )

A l"'orgex NAND zate 162 comnprises thrce mpul ter-

yorises fon'r fip-flop

representative of a heartbeat is 2

o
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miinals and an output terminal, the ountpat terminal bemg
connected to the energizing circuit of relay 152. For ifins-
tration purposes, pumerals 5 and 2 of the units counter
102 and tha tens counter 104, respactively, are connected
to two of the inpul terminals of gate 152. Connected 1o
the third input terminal is a switch 164 which may be

_connected to either the numeral 5 or numeral 8 of hua-’

dreds counter 168, .

A Reset NAND gate 172 compnses three inpst ter-
minals and an output terminal, the outpiit terminal bheing
connected to. thé ene ergizing circuit of a rormally closed

1elay 174, The relay 174 comprises an armature 176 and

a pair of terminals 178, ¥82. Terminal 178 is connected
toa control terminzl of e.,ch ‘of the counters 112, 116, and
118 of memory nshvork 72 and the counters 102, 164, and

1856 of timing x..!'clllt 32. Termi nal 182 is connected to
rourd. - .
" For illustration purposes, ‘the mxmeral 1 and the

numeral O of the vrits counter 102 and the tens counter
104, respectively, are shown connected to two of ths
input terminals of cate 172, Conne»ted to the third input
terminal of gate 172 is a switch 194 which may be con-
recied to either mumeral 6 or n"mﬂral 9 of hundreds
counier 105, .

The side of the switc h 194 connected to the third in-
put terminal of gate 192 is also connectsd to the inpat
terminal of a read gafe 196, The output terminal of the
gate 196 is connected to a control terminal of each of
the memory cores 114, 122, and 124.

The ‘system thus far deseribed, with the switch 164
cannested 1o the sumeral 8. of hundreds counter 106, the
switch 184 connected to the numeral 9 of the hundreds
counter 186 and armature 94 connected to terminal 86,
will produce an averzgz heartbeat rate per minute which
is displayed on the. readout device 138 for an average
reriod of 15 seconds. Should it be desired to. display the
heartbeat rate per minu'e for an average period of 10

econds, the switch 164 and swiikch 194 would be con-
necled to the numezral 5 dnd numeral 6 of hundreds
counter 106, respactively,. and armatvre 84 would be
connetted to terminal 98, Further, the 0 terminal of flip- -
flop 62 and ths O terminal of fipfiop 58 are connected -
to the two inpit terminals of a gate 202, repectweiy, the
output of whmh is connected to the u,crmmal 98. )

Wzth ‘the foregoing in mind, operation of the devxce is.
as follows: ' .

Input signals in the form ef -an eleciroca'dxoszram wave-

fed into the input temm ach heart:

for
Bﬁﬁm into the mput terminal 32, a puise is fed to

the R terminals %4, 56, 58, and 62 of hinarg.
cou\g&rig/cxmq:t 52 and fo the R fterminal of output
flipHop 64. Quiput ‘ggl;:s.,fmm the square wave con- .

yerter;each of which is representative of one cycle of
input from the 60-cycle source, arc fed to the timing

55 circuit 32. Simultaneously, the pulses ©

60

from the output of
the square wave converter ale coupled o the input ter-
fminal 36 of the pu»e lock network 34. The outpnt of the
pulse lock network is-coupled from the tetminal 42 to
the C terminal of flip-flop 64. Output pulses from the 1
términal of flip-flop 64 are coupled to the memory net-
 work_72. Thus, fof every two pulses prodiced by the
Square wave coaverier, which is allowed to pass through
the pulse lock natwork -34 to the output flip-flop 64, one
pulse will be fed'to the memory network 72.

Pulses from the output terminal 42 of the pulse Tock .
network 34 are also fed to the C terminal of fip-flop §4..
Upon receipt of the eighth pulse to the binary counter 52

_at the C terminal of HSipflop 54, the I terminal of flip-

70

3

fiop 62 will be ensrgized causing an oufput signal to be
coupled to the input ferminal 38 of the pulse lock net-
work. With siznals present at both terminals 36 and 38 of
the palse lock nctwork 34 (the pulse lock network 33
being an AND gate), pulses from the square wave con-
verter 28 can no longer pass through the pulse lock net-"
work. Upon receipi of a pulse from the signal condiioner
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18 which resets the fip-flops of the binary couaters 52
and the output flip-fiop 64, pulses can once again pass
. ihrewh the pulse lock network Thus, as can readily be

.seen; for each heartbeat pulse from the siznal conditioner
. 18, only four pulses are fed through the ﬁsp-ﬁop 64 to
~the memory network 72. For the number of puises repre-

: sentative of the heartbeat rate during a 15-sécond period,
four times as many pulses aré fed to the memory network .
72. Thus the memory network during a 15-second period

courts the average number of pu}ses during a minute,

At the count “of 895 (15 scconds minus 5 pulses) at :h"»

timirig circuit 32, forget NAND gate $6% causes the relay
152 o be momentarily de-energized, disconnecting the
source of posmve voltage {B*+} from the readout circnit
138 =nd érasing the last reading on thé readout eircuit.

At the count of 900 (15 seconds), a read pulse is fed’

through the gate 136 which is sent to the memory circuits
114, 122, and 124. The memory circpits feed a signal
representative of the digit present therein at that ipstant
to the readout circuit 138 where it is displayed. At the 901
count (15 seconds plus 1 pulse), the reset NAND gate
172 causes the relay 174 to be momentarily de-energized
cenne_c_ting terminal 178 to ground and causing thc, units,
tens, and hundreds couaters of the timing circuit 32 and
‘the memory network 72 to be reset and the cyc]e is
repeated.

As can be readily s2on, the bmary counting circuit 52
ceunts no fo eight for each heartbeat pulse fed into the
circuit 2nd the optput flip-flop 64 feeds four pu]ces to the
: memory nemcfk 72 so that the heartbeat rate in baats per
minute may be read ov..r a 15-second period.

As an alternative embodiment of 1he present invention,

with the armature %4 connected fo' terminal 98 and
switches 154 and 194 connected to the numeml S and
numeral 6, rcspectively, of hundreds counter 166, the
binary ca‘mtmg circuit 52 counts up to 12 wherenpon
the pulse lock network 34 no longer allows pulse from
converter 28 to pass to flip-flop 64. I‘hp-ﬁop &4 feeds six
pulses to the mempry network 72, producing six counts
for each heartbeat inpnt. Thus, the heatbeat rate meas-
ured over a ten-second interval would be representative
of the heartbeat rate per minute. It should be understood,
of course, that other time periods could be ntilized, the
10-second and 15-second time period being merely ﬁlns-
trative of an example of the invention, .

1t should be further understood that the foremmg dis-
closure relates only to preferred embodiments of the in-
vention, and that it is intended to cover ail changes and
modifications of the examples of the invention herein
‘chosen for the purpose of the distlosnre which do not
constitute departures from the spirit and scope of the
inventien, -

What is c‘eumed and dﬁmred to be secured by Lehcrs
Patent is:

1. A digital cardiometer svstem for measuring a heart-
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beat rate for a first period of time and producing an oat-

put reprcsemativ of the rate for a second period of time
comprising;

(A) asource nf clock pulses;

-(B) a-source of electrical pulses, each pulse being
representative of a heartbeat;

(C) a binary counting circuit comprzsmg a plurality
of flip-flop circ ux's, one of said ﬂlp-ﬂop circuits being
designated an’input flip-flop circuit, each flip-fiop

cireuit having first and second. input termma}s and
first and second outpnt terminals;

(D) an AND gate h'wrxg a first inpyt terminal and 4
_second input terminal and an output terminal, means
for electrically connecting said source of clock pulses
to said AND gate first inpat terminal; means cou-
pling ene of said fiip-flop oufput ferminals of said

“birary counting circuit to said AND gate second
input terminal; and means connecting said AND gate
output terminal to the second input terminal of the
_ath flip-flop of said binary counting circuit;

60

70
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(E) an output fip-fop circuit having a first and second
ioput terminals and a first and Second output ter-
‘minals; means copnecting said AND gate output ter-
minal to said second inpat terminal of said outpmt
flip-flop circuits X

{F) means connecting szid source of heartbeat pnlses
1o the first input serminal of each of said binary
counting circuit fiip-Sops and ‘he ﬁrst input terminat
of said output ﬁxpﬁop, .

(G) g timing circuit having an input- termmal means
electrically connecting said sburce of clock pulses to
the input terminal of sard timing cu‘cmt;

(H) a memory nétwork having an input termmal,,
means connecting the second output tefminal of said

output flip-flop to ‘the input of szid memory network;

and :
(1) 2 readont circoit for d:splaymg the heartbeat rate
fer said second period of time, each time said timing

s cxr»uxt reaches a count equal io sajd first period of

time; and means coupling ‘the ouiput uf said memory
petwork {0 said readot_t circuit;

whereby said output flip-tiop circuit produces a plo-
rality of output pulses at its second output terminal
for each heartbeat pulse, said plurality of output
pulses being equal to the ratio of said second period
of time divided by said first period of time and equal
to twice the count representaiive at the ontput fer-
minal of said ﬁip-ﬁop ‘conaected to said AND gate
sécond input terminal.
A. digital cardiometer system in accordance with

'chm 1 wherein said first period of time is eqnal to 15

ssconds and said second period of tnne is equal to on2
minute.

3. A digital cardmmetcr system in accordance with
claim 1 whc"em said first period of time is equal to 10
seconds and said secmd pt:nod of time is equal to one
mxm..e.

4. A pulse-rate =ys*em for measuring the rate of elec-
trical input pulses for 2 first period of time and producing
an output represeniative of the rate for a second peried
of time comprising:

a source of clock pulses;

.a spurce of input electrical pulses, each of said inpnt
elecirical pulses being represcrtauw: cf a heart beaty
a binary counting circuit compnsmo a plorality of flip-
flops, each flip-flop circnit having a first and second
input ferminals and a first and second oulput fer-

minals; -

a gating circnit ha»mﬂ first and second input ferminals
and an output terminal, means connecting said source
of clock pulses 1o 'said gating circuit ﬁrst mput ter-
nvinal and means ¢oupling an ontput tersninal of
oise of said flip-Hops of said birary counting circuit
to said gati ng cireuit second input terminal and
means connecting said gating circuit oulput termmal
1o the second mput terminal of a fiip-Bop of said
binary counting circeit;

an output ﬂip-ﬁop circwit having first snd second input
terminals and a first and second ouiput terminals,
means connecting said gating civcuit ouiput terminatl
to said second innut terminal of said output flip-flop
cireuit, said cotput fip-flop circuit preducing a ph-
rality of pulses at its szcond onlput terminal for each
input electiical pulse to said system, said p!urahty of
output pulses béing egual 1o said second period-of
“tirhc divided by said frst period of time;

. means connecling said source of input electrical pulses
to the first mput terminal of each of said binary
counting circnit fip-Bops and the first input terminal
of said cutput fiip-fop;.

a timing circoit havisg an input terminal apd means
-connecting said scurce of clock pulses'to the input -
terminal of said 1iming circuit; ’

. a memory nstwork ":*.“in" an input terminal and outpnt :
ferminal, and mears connecting the second output
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“terminal of said outpu: fSipflop to the input of said
- memory network; and

a readout circoit for dlsp!aymg the electncal input’

pulse rate for said sscond period of time, and means

coupling | the output of said memory network to’ sa:d !

readout circuit,

'S. A pulse rate system in accordance with c]zum 4
wbcrem the ontput terminal of said binary countmg cir-
cuit coupled to said gating circuit inpnt terminal is the
terminal represenialive of.a count equal: to twice the
number of said plusality of pulsés produeed by said out-
put fip-fiop at the second ouipui terminal
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